To test the influence of the electrochemical ion gradient across mycoplasma membranes on the capacity of organisms to adhere to host cells, Mycoplasma gallisepticum cells were treated with valinomycin, carbonylcyanide m-chlorophenylhydrazone, and N,N'-dicyclohexylcarbodiimide (DCCD) singly or in combination. Uptake of [3H]tetraphenylphosphonium by the treated cells was employed as a measure of the effects of the ionophores on membrane potential. In the absence of K+, valinomycin increased, whereas carbonylcyanide m-chlorophenylhydrazone and DCCD decreased [3H]tetraphenylphosphonium uptake. However, with a high level of K+ or with DCCD, uptake of [3H]tetraphenylphosphonium in the presence of valinomycin decreased below control levels, indicating that, generally, the ionophores affected membrane potential in the expected manner. The treated organisms were tested for their capacity to attach to glutaraldehydefixed human erythrocytes. DCCD was the best inhibitor of mycoplasma attachment, and in combination with valinomycin attachment, capacity decreased by about 40%. The combination of valinomycin plus carbonylcyanide m-chlorophenylhydrazone was less effective; it decreased attachment by about 15 to 25%. It was concluded that the dissipation of ion gradients across cell membranes decreases only partially mycoplasma adherence, in line with previous findings that isolated mycoplasma membranes retain the major part of the attachment capacity of intact cells.
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The adherence of the human respiratory pathogen Mycoplasma pneumoniae and the avian pathogen Mycoplasma gallisepticum to eucaryotic cell surfaces both in vivo and in vitro and to inert surfaces, such as glass and plastic, are well established phenomena (1, 4, 9, 10, 11, 14, 18, 25, 27, 30) . Sialic acid residues serve as major receptor sites in the adherence of these mycoplasmas to eucaryotic cells (3) (4) (5) 25 RBC. Fixed human RBC were prepared by adding 0.5% glutaraldehyde to washed 10% packed RBC in phosphate-buffered saline as described previously (5) . After the final washing, the fixed RBC were stored at 4°C with 0.05% NaN3 in buffer A. For each use, samples of fixed RBC suspension were washed once and resuspended at a final concentration of 2% (vol/ vol) in buffer A. lonophores and DCCD treatment. Stock solutions of the ionophores (5 X 10-3 M) or DCCD (1 x 10-2 M) in dimethyl sulfoxide and KCI solution in water were added to mycoplasma cell suspensions in buffer A supplemented with 10 mM glucose to give the final concentrations shown in Table 1 . In case of a mixture of two or three substances, the order of addition was KCl, CCCP, and valinomycin. For the combination of DCCD and valinomycin, DCCD was added 5 min before the addition of valinomycin. Total incubation time in all cases was 15 min at 37°C. Samples of the treated suspensions (0.1 ml) in tetraplicate were used for assessment of mycoplasma attachment capacity. The marked tendency of M. gallisepticum cells to lyse in an NaCl-containing buffer devoid of glucose (22) hampered efforts to test the effects of ionophores on M. gallisepticum attachment in the absence of glucose. To overcome this difficulty, we lowered the concentration of glucose to 1 mM and shortened the preincubation time with the inhibitors listed in Table 2 to 5 min at 37°C before assessment of attachment capacity. Assessment of mycoplasma attachment. Attachment was assessed with a procedure slightly modified from that previously described by Banai et al. (4) . In short, 0.1 ml of mycoplasma suspension was added to 0.1 ml of 2% glutaraldehyde-fixed RBC in Nunc plastic tubes (11 by 70 mm), which replaced the siliconized glass tubes. The reaction was stopped after 15 min of incubation at 37°C by adding 0.5 ml of cold buffer A (supplemented with 10 mM glucose in experiments in which glucose was included), and the RBC were washed three times, using the swinging-out bucket rotor of the Sorvall GLC-2 centrifuge at 370 x g to remove free mycoplasmas. Radioactivity of mycoplasmas attached to the RBC was determined as described previously (4) .
Assessment of [3H]TPP+ uptake. Samples (0.5 ml) of mycoplasma cell suspensions (1.3 mg of cell protein in buffer A supplemented with 10 mM glucose) were preincubated at 37°C for 5 min with 100 ,uM unlabeled TPP+ to saturate membrane sites which bind nonspecifically this cation. Then, KCI or dimethyl sulfoxide stock solutions of the ionophores (5 x 10-3 M) or DCCD (10-2 M) were added. A mixture of two or three substances was added in the order KCI, CCCP, and valinomycin. In the combination of DCCD and valinomycin, DCCD was added 5 min before the addition of valinomycin (the dimethyl sulfoxide concentration never exceeded 1%). After 1 min of treatment at 370C,
[3H]TPP+ was added to a final concentration of 1.06 x 106 cpm/ml, and incubation was continued at 37°C for 15 min. The reaction was stopped by diluting 0.2 ml of the treated mycoplasma suspensions with 2 ml of cold buffer A supplemented with 10 mM glucose and immediate filtration (by negative pressure) through a 500-nm (micropore size), 25-mm (diameter) cellulose acetate filter (EH type; Millipore Corp., Bedford, Mass.). The filter was washed once with 2 ml of cold buffer A and thoroughly dried for radioactivity counting. Each reaction mixture was sampled in duplicate.
Analytical procedures. Protein was determined by the method of Lowry et al. (17) . Radioactivity was determined by scintillation spectrometry with a Triton X-100 toluene liquor (15) . 
RESULTS
Growth, cultivation, and attachment capacity of M. galliseptcum S6. M. gallisepticum S6 was chosen for use in these experiments because this strain, unlike strain A5969, which was used in our previous studies, is pathogenic to chickens (S. Levisohn, personal communication) and when compared with M. gallisepticum A5969, attachment capacity of M. gallisepticum S6 was five-to sixfold higher, so that minor changes in its attachment capacity are easier to detect. Attachment capacity of the organisms to fresh RBC was difficult to assess, as the RBC lysed during the attachment process, probably owing to the strong hemolytic activity of strain S6 (29 (Table 1) . This effect could be reproduced by using half of the concentration of DCCD mentioned in Table 1 , but not with less (data not shown). An increase in DCCD concentration to 0.1 mM caused rapid lysis of the mycoplasmas at 37°C, even in the presence of glucose. Treatment of the mycoplasmas by DCCD followed by valinomycin decreased attachment capacity by more than 40% (Table 1) .
Effect of glucose on attachment. The effect of glucose on the attachment capacity of M. gallisepticum cells was tested in the following two ways: (i) the mycoplasmas were suspended in glucose-containing buffer for 1 h at 37°C and preincubated in the presence of 10-4 M iodoacetate, and (ii) the cells were harvested and washed in a glucose-free buffer, and the attachment experiment was carried out in the total absence of glucose or in the presence of less than 0.5 mM glucose. Preincubation of the mycoplasmas at 37°C for 1 h with iodoacetate did not affect attachment (data not shown). Neither was attachment capacity of the cells affected by drastically reducing the glucose content of the buffer in the reaction mixture of the attachment assays (compare attachment values of untreated mycoplasmas in buffer only in Tables 1 and 2 ). On the other hand, preincubation of the mycoplasmas with ionophores in low-glucose buffer decreased attachment as long as KCl was not added (Table 2) . Thus, valinomycin decreased attachment by 15%, whereas in combination with CCCP, attachment decreased by 25%. However, addition of 10 mM KCI to the treated mycoplasma suspensions eliminated or decreased these effects. DISCUSSION M. gallisepticum S6 was used in this study because this strain has remained pathogenic and possesses high attachment capacity. Because the mycoplasmas lysed fresh RBC (29), we used glutaraldehyde-fixed RBC (5). This also prevented the drugs used in the attachment experiments from affecting the RBC. In addition, it should be stressed that glutaraldehyde treatment of the RBC did not affect their capacity to attach M. gallisepticum specifically through sialic acid receptors on the RBC.
Several treatments were employed to manipulate the energized state of M. gallisepticum cells, including incubation in buffer depleted of energy sources (7, 11, 16) , inhibition of metabolic pathways (7, 12, 14) , and blocking the Mg2+-ATPase activity with DCCD (6, 16, 22, 26 (21) . Hence, the binding components may not be randomly distributed over the entire surface of the mycoplasma cell, but rather concentrate at the tip area to ensure maximum adherence capacity. Another related factor to be considered concerns the possible effects of the electrochemical ion gradient and energized membrane state on the proper alignment and function of the contractile elements apparently present in motile M. pneumoniae and M. gallisepticum cells (19, 20) . The function of these elements may depend on ATP and on their proper association with the membrane. It can thus be speculated that any agent damaging these elements may influence cell shape and motility and in this way affect indirectly the mycoplasma capacity to adhere.
